ABSTRACT The aim of this study was to evaluate the efficiency of metabolism of acrylonitrile (ACN) to N-acetyl-S-(2-cyanoethyl)-L-cysteine (2-cyanoethylmercapturic acid (CEMA) in man, the kinetics of excretion of this metabolite, and the relation between the uptake of ACN and the excretion of CEMA in urine. Eleven experiments were performed on six male volunteers exposed for eight hours to ACN at concentrations of 5 or 10 mg/m3. The average respiratory retention of ACN was 52% and 21 8% of the retained ACN was excreted as CEMA in urine. Elimination approximated first order kinetics with half life of about eight hours. The best correlation between the uptake of ACN in the lungs and excretion of CEMA in urine was obtained when the concentration of CEMA in the urine fraction, collected between the sixth and eighth hours after the beginning of exposure, was adjusted to a specific gravity of 1-016 (y = 0 33x -13-3; r = 0 83). CEMA excretion, however, cannot be used as an individual index of exposure.
According to the International Agency for Research on Cancer there is sufficient evidence for the carcinogenicity of Acrylonitrile (ACN) in animals.1 Though there is only limited evidence for the carcinogenicity of ACN in man it seemed worth while to investigate the absorption of ACN by all routes.
Acrylonitrile may be absorbed through the respiratory tract (the retention of vapour is 46%) and liquid ACN is absorbed through the skin at the rate of 0-6mg/cm2/h.2 At present, no reliable method for evaluating internal exposure to ACN is available. Accepted 31 October 1986 showed that CEMA is the main metabolite of ACN and that in rats about 50-60% of the dose is excreted in urine in this form. Therefore, excretion of CEMA seems to have the potential to be an index of internal exposure to ACN.
In preliminary studies Dramifnski and Trojanowska confirmed the presence of CEMA in the urine of workers engaged in manufacturing acryl fibres (unpublished data). The concentration of CEMA in urine collected at the end of the shift varied between 25 and 350 mg/l. The sensitivity of the method, however, did not allow for the evaluation of the kinetics of CEMA excretion in urine.
The present study aimed to determine the efficiency of ACN metabolism to CEMA, the kinetics of urinary CEMA excretion, and to find a correlation between CEMA excretion in the urine and the absorbed dose of ACN. The study was 
PROCEDURE
To 2 5 ml of urine, 0-1 ml of NAM solution (internal standard) was added. The sample was then acidified with 50pl of concentrated HCI, saturated with NaCl, and extracted with 25 ml of freshly distilled ethyl acetate for 10 minutes. Then, after centrifugation, the organic layer was evaporated to dryness. The residue was dissolved in 0-25ml of ethanol and methylated with gaseous diazomethane. One microlitre of aliquot was used for each injection. Concentrations of CEMA were calculated from the ratio of the peak height of CEMA methyl ester and to that of an internal standard after previous calibration.
The second method differed from the first in using an isothermal column temperature of 218°C instead of the programmed temperature increase and in the use of CEMA 1-propyl ester as the internal standard.
Typical chromatograms of the urine extracts are presented in figs 1 and 2. Within the range of concentrations up to 60mg CEMA/1 the relation between the concentrations of CEMA and CEMA/internal standard peak height (method 1) or peak area (method 2) ratios were linear. The detection limits of both methods were about 1 mg CEMA/1 urine. Within-run relative standard deviations ranged from + 11-0% to + 8% (method 1) and from + 8-0% to 3-2% (method 2) for urinary CEMA concentrations of 10-60 and 2-100mg CEMA/1 respectively. Between day imprecision, calculated from six determinations of CEMA solutions in urine during two weeks was within the range from + 5 0 to + 9-0%. Urinary solutions of CEMA kept at + 40 and -18°C were stable for at least two weeks.
EXPERIMENTS INTO TOXICOLOGICAL CHAMBER

Subjects
The subjects of this study were six male volunteers aged 28-45 who showed no abnormalities in routine clinical examinations. All the volunteers (including the present authors) were toxicologists fully aware of the toxic properties of ACN.
Exposure conditions
The exposures were carried out in an exposure cham- of CEMA with half life values of about seven and nine hours. Table 4 gives the relation between the uptake of ACN during experiments and the concentration of CEMA in the urine or its rate of excretion. The best correlation was obtained for the relation between the uptake and concentration of CEMA in fractions of urine collected between 6-8 and 4-8 hours after the beginning of exposure and adjusted to a specific gravity of 1-016 (fig 7) . Relative standard deviations of experimentally obtained points from the regression lines amounted to +29% for the urine fraction collected between six and eight hours after the beginning of exposure and +33% for the fraction collected between four and eight hours. Up to eight hours-that is, during exposure-there seemed to be some relation between the urinary excretion of CEMA and urine flow (fig 4) . Correlation between the dose of ACN and the rate of excretion of CEMA was significant only when excretion was expressed for a 24 hour period (table 4) . Correlations between the absorbed dose of ACN and concentration of CEMA in urine corrected to the creatinine concentration were insignificant (table 4).
Discussion
A single eight hour experimental inhalational exposure to ACN at concentrations of 5-10 mg/m3 produced no subjective symptoms such as headache, nausea, or general weakness described at a similar level of industrial exposure. 1 5
The retention of ACN in the lungs, averaging 52%, was similar to the value of 46% reported by Rogaczewska and Piotrowski.2 It is interesting that the same subject exposed in 1968 had a retention of 49% and during the present experiment 44%. It indicates that retention of acrylonitrile is constant through many years.
Because of the observed individual differences in the kinetics of CEMA excretion and relatively poor correlation between the uptake of ACN and concentration of CEMA in the urine (even when corrected to specific gravity (sg) = 1-016), this test cannot be ap- 
